With increased interest and requirements in surface water quality and hydrodynamics, additional information is needed about water flow in streams. The mobile OTT Qliner with acoustic Doppler technology (ADQ) provides a highly efficient and accurate way of collecting this information. For this study we completed 366 measurements of flow velocity, water depth and discharge with ADQ from September 2010 to June 2011 at 174 cross-sections in eight catchments of different sizes located in northern Germany, central Germany and southeastern China. The measurements were used to study the accuracy, reproducibility and sensitivity of the device, and to improve the hydrodynamic sampling for medium-sized rivers and channels by investigating its internal settings. The observations reported clearly show that the results of flow average, profile, layer and point values obtained with the ADQ compare very well with those of electromagnetic or ultrasonic devices. In general, the average flow velocity gives the highest agreement. Vertical velocity has a better quality than the layer velocity, which indicates a greater precision in the horizontal than in the perpendicular direction. Point velocity, the composite of vertical velocity and layer velocity, has intermediate precision. Tests on internal settings revealed that measurement is more sensitive to cell size than to time interval setting. A cell size to depth ratio of between 0.1 and 0.2 m produced the highest reliability. A measurement period of 30 s is needed for velocities faster than 0.3 m/s; for shallow and slow-flowing rivers, an interval of 50 s or even greater is recommended. The closer the measured points were to the river bank or bed, the greater the measurement error. The river bed can also influence the measurement more distinctly than the river bank. Les observations rapportées montrent clairement que les résultats de valeurs moyennes, le long d'un profil, à une profondeur donnée ou en un point, obtenus avec la TDA se comparent très bien avec ceux des dispositifs électromagnétiques ou à ultrasons. En général, le meilleur accord est obtenu pour la vitesse moyenne. La vitesse selon un profil est de meilleure qualité que la vitesse à une profondeur donnée, ce qui indique une plus grande précision dans le sens horizontal que dans la direction perpendiculaire. La vitesse ponctuelle, procédant de la vitesse selon un profil et selon une profondeur, a une précision intermédiaire. Des essais de réglage internes ont révélé que la mesure est plus sensible à la taille des cellules qu'au réglage de l'intervalle de temps. Un rapport entre la taille de cellule et la profondeur compris entre 0,1 et 0,2 m a fourni les résultats les plus fiables. Une période de mesure de 30 s est nécessaire pour des
vitesses supérieures à 0,3 m/s. Pour des rivières peu profondes et à écoulement lent, un intervalle de 50 s ou plus est recommandé. Plus les points de mesure sont proches du bord ou du fond de la rivière, plus l'erreur de mesure peut être importante. Le fond de la rivière peut également influencer la mesure plus nettement que sa rive.
INTRODUCTION
Recent research has recognized the importance of analysing river flow and the need to understand its interaction with the river bed (Jowett 1998 , Jähnig et al. 2008 , Smith and Pavelsky 2008 and the ecosystem (Kiesel et al. 2009 , Yuan et al. 2010 . More accurate information about river flow and its components is important for analysing the effects of human activities on river systems, including water pollution, hydraulic construction, water quality distribution and prediction, river resource management, flood estimation and flood damage prevention (Kawahara and Umetsu 1986 , Stacey et al. 1999 , Lozano and Mateos 2009 , Gunawan et al. 2010 .
One of the most widespread methods of calculating river discharge is the velocity-area method, in which the depth-averaged velocity is determined at different verticals along the width of a river. The result is multiplied by the area of each depth-averaged velocity to get the total flow discharge (Rantz 1982) . This means that flow velocity measurement is the first and most basic step in determining river discharge. During the last century, flow velocity measurements mainly relied on mechanical propeller velocity meters (Muste et al. 2008) . With the fast progress in computing power and improved electric batteries, the use of electronics in velocity instruments to map river hydrodynamics has gained more popularity in the last few decades, because of their higher efficiency, easier operation and lower cost (Pasquale et al. 2011 , Muste et al. 2012 . Progress in optics, radar, acoustics and electromagnetism has led to a new generation of flow measurement devices, which can offer superior efficiency, performance and reproducibility for velocity and discharge measurement (Muste et al. 2008 , Thandaveswara 2011 .
One of the replacements for the mechanical propeller is the electromagnetic velocity meter, which is convenient for use in open channels with fouling, weeds or sewage. Characterized by high-accuracy point velocity results, the electromagnetic velocity meter is widely adopted in small-scale catchments, especially in hydro-ecology related research (Rücker and Schrautzer 2010, Wu et al. 2010) . The use of an acoustic method meets the increasing demand for more precise flow velocity and discharge measurement, and the Acoustic Digital Current meter (ADC), Acoustic Doppler Velocimeter (ADV), Acoustic Doppler Current Profiler (ADCP) and Acoustic Doppler Qliner (ADQ) are representative of acoustic-based current equipment. A vast amount of literature describing the underlying principles, configuration and operational aspects of acoustic-based equipment is available (e.g. RDI 1996 , SonTek 2000 . The ADC and ADV are point acoustic velocity meters and have been verified in various water environments and catchment sizes (Gomani et al. 2010 , Zhang et al. 2010 . The US Geological Survey (USGS) uses ADCP and other point acoustic velocity meters for measuring water velocity and discharge at 33% of its gauging stations (Muste et al. 2012) . Because it is the latest acoustic product, only a small number of ADQ test measurements have been carried out so far: in a laboratory flume (Frizell and Vermeyen 2007) and in a field experiment at a cross-section in the Charles Hansen Feeder Canal, USA (Craig et al. 2009 ). These studies discovered that ADQ measurements show only low deviations compared either with ADV in the laboratory experiment or with the Price AA current meter in the field. If the sampling time is too short, the results are relatively noisy. The findings seem to be promising, but they only report singular conditions. Further experiments are therefore needed for different flow conditions to evaluate the performance of the device. Field research revealed that, compared to point velocity meters (including ADC and ADV), vertical velocity meters such as the ADQ and ADCP profoundly changed the collection of hydraulic data due to the replacement of point technology by vertical measurement technology. In general, ADC and ADV velocity meters give results for a certain point, whereas the ADCP and ADQ provide velocity profiles over the depth. The technological differences make the ADCP and ADQ depend more on the available water depth and they cannot be used in sloping zones. These instruments can also determine flow velocity in less time and with fewer costs.
The other newly emerging velocity equipment is based on image or radar technology. The key advantage of radar technology is that it simultaneously and remotely measures flow velocities over the entire imaged flow surface, but these instruments have yet to be validated in the field for the same range of discharge measurement conditions as acousticbased equipment. Particle Image Velocimetry (PIV) and Particle Tracking Velocimetry (PTV) are based on image technology and have been widely used in hydrological applications. This new non-intrusive technique was applied successfully in water body velocity distribution analysis and measurements at the water surface, using an appropriate camera and natural or artificial seeding tracers (Muste et al. 2011 , Nezu and Sanjou 2011 , Weitbrecht et al. 2011 . Both PIV and PTV have proved to be powerful and efficient; however, the complexity and weak basis of PIV/PTV algorithms are the main arguments of scientists and engineers (Cameron 2011 ) against using them.
In general, the acoustic-, radar-and image-based electronic velocity meters are revolutionizing the hydrodynamic mapping process and creating the possibility for sampling at larger spatial scales and higher spatial resolution. They are also less time consuming and more economical. Currently, the most widely used technology for velocity sampling is acousticbased equipment. According to a literature research, the following measurement techniques are frequently applied today: in small rivers, mechanical, electronic, electromagnetic and acoustic point-velocity meters are fixed to a wading rod or sampling platform to sample flow velocity and discharge (Yorke and Oberg 2002) . In large rivers, the ADCP, which was originally designed for ocean environments, is reliable and efficient (Lu and Lueck 1999, Stone and Hotchkiss 2007) . However, while a medium-sized river is too deep to enter, it is too shallow for using an ADCP. Thus, neither the step-into-river technique nor the ADCP technique mentioned above can be used (McGahey et al. 2008) . Stone and Hotchkiss (2007) tried to carry out measurements in a mediumsized river with an improved ADCP: although the vertical profile and depth-averaged velocity seemed acceptable compared to an ADV, excessive noise during the experiment reduced the effectiveness of the ADCP's velocity measurements. These technical limitations have slowed down the hydrodynamic research in medium-sized rivers in recent years; however, such problems can be solved by the ADQ, a newly emerging Doppler effect device, which is designed especially for medium-sized rivers. The proper use of this new instrument requires a good understanding of the underlying measurement principles and careful evaluation of the instrument's capabilities in various sampling environments.
The objectives of this research were to: (a) investigate the accuracy, reproducibility and sensitivity of the ADQ for velocity and discharge measurements in medium-sized rivers; (b) evaluate the sensitivity of different parameter settings in different catchments; (c) study the influence of the local conditions on the results; (d) optimize device settings; and (e) improve the hydrodynamic sampling technique and methodology for medium-sized rivers. The accuracy of a measurement system is the degree of closeness between a measured quantity value and the actual quantity (JCGM 2008) . In our study, accuracy is considered to be the capability of providing a correct reading or measurement under the ADQ methodology. Reproducibility is the ability of an experiment or study to be accurately reproduced or replicated, and this can be evaluated by the measurement precision of repeated measurements (JCGM 2008) . The variation (uncertainty) of the output of a statistical model or measurement system can be attributed to the difference in input variables, known as "sensitivity" in statistics, which is the third main target of our study.
PRINCIPLE OF OPERATION

Characteristics of the devices
A common method for evaluating new instruments is to compare the results with other well-calibrated instruments (Oberg 2002) . For this comparison, we selected a direct reading electromagnetic velocity meter (FlowSens) and a portable ADC as control devices. Both devices are point velocity meters and have been verified as suitable for all typical river flow regimes (RDI 1996 , SonTek 2000 , Rücker and Schrautzer 2010 , Wu et al. 2010 . The characteristics of these instruments and of the ADQ are shown in Fig. 1 depth according to the scale marked on the rod, or measure it with a ruler, made of wood or metal for the sake of accuracy. A measuring tape is also needed to measure river width and the vertical profile mark (Fig. 1 ). In addition, hydraulic calculations need to be done to obtain the discharge, velocity and some other parameters. FlowSens can measure the velocity very close to the bed (2 cm) and calculates the average and standard deviation of point velocity for a time interval of up to 30 s (FlowSens 2010). The key advantage of this instrument lies in its ability to measure in a range of fluids, including freshwater, wastewater, salt water, and water with vegetation and suspended sediment.
Acoustic Digital Current meter (ADC)
The ADC (OTT Hydrometry, Kempten, Germany) is designed for point velocity measurement in natural streams, rivers, creeks and open channels, based on acoustic technology. Measured depth, velocity and discharge are displayed on the graphical handheld display. Water depth is measured with a built-in pressure sensor. Water point velocity is obtained based on pulse-coherent technology, in which the phase difference ( φ) and lag time (τ ) of different transmitted acoustic pulses are calculated, and the water velocity is then calculated with the formula v = k × φ/τ (OTT 2008 (OTT , 2011 . The ADC provides simultaneous digital readings of water depth, measured depth and point velocity. During measurement, only a measuring tape is needed to measure river width and vertical mark (Fig. 1 ). The PDA (personal digital assistant, or palmtop computer) of the ADC will finish the basic hydraulic calculation after each cross-section sample and no additional calculation is needed before downloading the data to a computer.
Acoustic Doppler Qliner (ADQ)
The ADQ (OTT Hydrometry, Kempten, Germany) is the latest acoustic device for determining water velocity, water depth and discharge in medium-sized natural or artificial rivers and other open water areas. The ADQ contains four sensors situated underneath a fibreglass catamaran and communicates via Bluetooth with a PDA, which displays velocity, discharge, depth and signal amplitude for each vertical profile measurement, and, finally, river discharge and flow velocity distribution. Compared to the other flow measurement techniques, the ADQ has five main advantages: (a) the Bluetooth design obviates the need to step into the water; (b) the use of a PDA with direct calculation of the results cuts the time cost considerably; (c) compared with the point-by-point measurement process applied by FlowSens and ADC, the ADQ measures velocities vertical by vertical, and the vertical mean velocity and each point velocity are stored immediately; (d) the fully-enclosed, fibreglass catamaran has no moving or sensitive parts that can be blocked or damaged, and it is very stable even in turbulent or high-velocity currents, as well as being suitable for narrow waterways with steep banks (OTT 2008) ; and (e) the downloaded ADQ data contain more specific hydraulic parameters compared to the downloaded ADC data.
Instrument requirements
2.2.1 FlowSens and ADC During measurement, special rules must be taken into account for both FlowSens and ADC, which work in the typical point-by-point way. The common requirements that have to be met for reliable measurement by FlowSens and ADC are:
(a) Position the sensor correctly The sensor has to be positioned against the flow direction to measure velocity properly and, because it is attached to a scaled iron rod to determine the depth of measured point, the rod must be perpendicular to the water surface. (b) Minimize external turbulence In order to operate the equipment, users have to step into the river at a point without a bridge that might perturb the flow movement. Staying as far away as possible from the sensor in the downstream direction is essential to reduce the turbulence. (c) Find exactly the same vertical Working in a point-by-point way, users should aim to find exactly the same vertical for different depths to reduce the uncertainty of the measurement. 
ADQ
METHODS AND DATA COLLECTION
Sampling sites
Several criteria for the field site selection should be clarified in advance for successful measurement. First, the water depth has to be >0.35 m and the sites should cover a broad range of cell sizes for ADQ and hydrological conditions. The site should be as complex as possible, but turbulence caused by large obstacles, dams or waterfalls must be avoided. Secondly, the place must be suitable for measurement with the ADQ either from a bridge or from the river bank, in which case, both banks should be accessible. Based on these criteria, 174 sites were chosen, situated in seven catchments within Germany and one in southern China. From October 2010 to July 2011, 366 ADQ measurements were completed (Table 2 and Appendix), covering a broad spatial and 
Experimental design
Comparison measurements
The comparison measurements outlined below are designed to test the accuracy of the ADQ by (a) common comparison of two devices, and (b) point-to-point comparison of three devices.
Two-device common comparison between ADQ and FlowSens was conducted to evaluate the river mean parameters and mean vertical profile parameters obtained by ADQ from eight approximately rectangular and smooth cross-sections in the Kielstau, Nuthe, Upper Treene and Upper Stör catchments, which are without interference of aquatic plants, stones or high amounts of sediment, etc. Measurements with both instruments were completed within one hour at the same cross-section. The ADQ displays mean river discharge, water depth and flow velocity directly in the field. The analysis and calculation of the FlowSens results was done in the office using EN ISO 748, or the so-called mid-section method. The distribution of measured points within the same cross-section resulting from the different working principles is shown in Fig. 2(a) .
Three-device point-to-point comparison measurements were collected between ADQ, FlowSens and ADC, with the aim of appraising the mean layer velocity (velocity at different depths) and point velocity. The measurements were made in nearly rectangular smooth cross-sections in the River Treene. The distribution of measured points is shown in Fig. 2(b) .
Repeated measurements
The turbulence in any river or channel affects the measured discharge, depth and velocity values, which is a challenge for measurement stability (Stacey et al. 1999 , Hauet et al. 2008 . To analyse this stability, five repeated measurements at each cross-section were carried out, using the same equipment settings and methodology, in 39 cross-sections selected from all the catchments.
In addition, another 52 measurements taken in five rivers provide evidence for the reproducibility of the ADQ measurements at different cross-sections in the same river. All measurements were completed within the same day without precipitation. The discharge result was standardized by the mean discharge at all cross-sections of the same river to make the data more comparable, and then the coefficient of variation (Craig et al. 2009 ) of the cross-section discharge was analysed as the representative indicator of the equipment stability.
Test of operational settings
The ADQ user manual contains some basic instructions and site criteria for different river conditions (OTT 2011), but it deals mostly with instrument specifications. More experiments are needed to test the operational settings and the effects of external factors in more complicated field environments to find the appropriate measurement techniques for specific site and flow conditions. Cell size and time interval are assumed to be the most influential internal aspects. Cell size is the distance between adjacent measurement points at the same profile, and time interval is the measuring time for each single profile. The external factors that might affect the accurate measurement of flow characteristics include river bed and bank. Because the depth values are much less variable, we focused on discharge and velocity, which are more sensitive to changing boundary conditions and are probably the main source of measurement variance.
To focus on the impact of different cell sizes, data were collected from eight cross-sections with depths ranging from 0.6 to 2 m. Five repetitions were carried out using cell sizes of 0.1, 0.2, 0.3, 0.4 and 0.5 m at each cross-section. The time interval was set to 30 s, except for locations h15, h31 and h34, where we used 50 s to compensate for the low flow velocity. Time interval experiments mainly relied on the data sampled at time settings of 10, 20, 30, 40 and 50 s at 25 cross-sections in northern Germany and southern China, at water depths from 0.6 to 1.3 m and flow velocities of between 0.044 and 0.51 m/s. A constant cell size of 0.1 m was used for all cross-sections to eliminate the effect of difference in cell size. The discharge and flow velocity were standardized to the mean value of the five cell sizes in the time and cell size tests to make the data more comparable.
Ultrasound is sensitive to both floating and stationary obstacles in the river. Therefore, the influence of the river bank and bed should be taken into consideration. For a better understanding of these impacts, the ADQ and FlowSens results obtained in the three-device point-to-point comparison were analysed again, and the correlation between the result difference and the standard distance to obstacles was shown to reflect the influence of river bed and bank. The flow chart of the experiment is shown in Fig. 3 . mean parameters, with discharge and depth differences acceptable at 99%, and the ADQ velocity of 96% accuracy in comparison with that of FlowSens. The discharge correlation seems to suggest that, in small rivers with low flow velocity and a discharge of less than 1 m 3 /s, FlowSens tends to indicate greater discharge, while in large rivers or rivers with high flow velocity, ADQ results are higher. The discharge and depth measurements by different instruments fit very well, with R 2 > 0.99. For mean river velocity, the slope and R 2 are a little lower, but still the two measurements show good agreement. The relatively large velocity differences might be caused by the proximity of the river bank and bed. The effect of external factors is discussed in Section 4.3.2.
Our conclusion is comparable to the comparison measurements made in the Charles Hansen Feeder Canal, USA, by Frizell and Vermeyen (2007) 
Vertical profile parameters
In addition to the mean values of the whole cross-section, single vertical profile parameters obtained with different equipment were collected to evaluate the performance of the ADQ at different positions across the river. Similar to river mean parameters, the mean vertical profile parameters reflect satisfactory fitting (Fig. 5) . The slopes of vertical discharge, depth and velocity are 1.07, 0.99 and 0.92, respectively, with determination coefficients, R 2 , of 0.97, 0.99 and 0.82. Compared to the river mean parameters, there is only a slight decline in the slope and R 2 for discharge and depth, while the fitting quality for velocity decreases by a relatively lesser extent, reflecting the ADQ's better ability to measure river mean velocity than vertical profile velocity.
Three-device point-to-point comparison
Regression analysis between mean vertical velocity, mean layer velocity and point velocity measurements by ADQ, ADC and FlowSens, with a fixed intercept of 0, reveals good agreement of all variables between FlowSens and ADC, and comparatively less agreement between ADQ and FlowSens, except for mean vertical velocity (Fig. 6) , for which all devices are in accordance with each other. The correlation between point velocity of ADQ and FlowSens is higher than that of mean layer velocity, but weaker than that of mean vertical velocity. In general, FlowSens and ADC fit very well for all three variables, with a better fit for vertical velocity than for point velocity (lower), or mean layer velocity (least). These observations suggest that the ADQ is well suited for vertical velocity measurement, but less suitable for layer velocity measurement. Being affected by both vertical and layer velocity, the ADQ point velocity accuracy is in between mean profile velocity and mean layer velocity.
There might be some practical reasons for the lower accuracy of point velocity, such as the direction and swing of the equipment, disturbance caused by persons standing or wading in the river, or the perpendicular fixture of the stick or ruler. Another reason for the difference in velocity is that it was difficult to find exactly the same position for all three instruments. The ADQ takes samples automatically and continuously, while for FlowSens and ADC, users have to identify the sampling point manually. These unavoidable errors may lead to the poorer fitting and scattered distribution reflected on the linear regression curve.
Reproducibility analysis
Repetitions at the same cross-section
As shown in Fig. 7 , the centralized distribution of CV values below 0.1 demonstrates the high repeatability of ADQ measurement at the same crosssection. Interestingly, while the CV of mean depth varies only between 0 and 0.085, those of mean discharge and velocity display a three times wider variation amplitude. The statistical conclusion reveals that the depth measurement is more repeatable than the velocity and discharge measurements, in accordance with the conclusion of the accuracy comparison.
However, all three CV values decrease with the increasing real value of discharge, depth and velocity, and the Log3P1 (three-parameter log type) fit of the curve shows strong correlation coefficients for all curves (Fig. 7) .
Repetitions in the same river
Due to the variability of depth and width at different crosssections along the river section, only the discharge results are comparable for different measurements in the repetitions experiment in the same river. Figure 8 reports that most of the measurement variations are within ±10%, except the Kielstau River, which is relatively shallower and slower than the other four. A similar trend as for the repeated measurements at the same cross-sections was observed here: the larger the mean discharge, the narrower the variance will be.
Sensitivity analysis
Equipment internal parameter settings
4.3.1.1 Cell size According to Fig. 9 (a) and (b), discharge and flow velocity display nearly the same trend. They first increase and then decrease with increasing cell size, with a maximum at a cell size of 0.3 m. For a given river depth, the larger the cell size, the deeper the location of the first measurement is. With a cell size of 0.1 or 0.2 m, the measurement starts close to the water surface and ends near the river bed. The cross-section was divided into a "dense net" with small grid elements, which would fully reflect the influence of river bed and bank on the flow. For a cell size of between 0.4 and 0.5 m, we only had two or three measurements near the centre of the river, which decreased the mean velocity and discharge. Thus the 0.3 m setting led to the highest results in flow velocity and discharge. Figure 9 (a) and (b) also demonstrates that all results are accurate at a high level, and most were within a range of ±10%. In addition, the smooth distribution lines were generally from deep and high-velocity points, such as s070111, s130111 and t060111 (see Appendix, Table A1 A comparison between the ADQ and FlowSens was made for three of the eight cross-sections. The 0.1 m cell size setting for points ks100111 and t060111, and 0.2 m cell size for point s070111, provided the closest discharge and velocity values compared to FlowSens results (Table 3) . This seems to suggest that the ratio between cell size and mean water depth should be within 0.1-0.2 to assure highquality sampling.
Time interval
The time variability is indirectly proportional to the increase in flow velocity, as shown in Fig. 9 (c) and (d), which suggests that the measurement duration has little influence on the measurement results for higher flow velocities, while for low flow velocities the effect of the time setting is distinct. The discharge lines for different velocity groups appear to be less steep than the velocity line in general, due to the lower sensitivity of discharge measurements to the time interval. A similar phenomenon appears in the comparison measurements, where the discharge regression always displays better agreement than the flow velocity regression. Comparison between Fig. 9 (a) and (c), and Fig. 9(b) and (d), leads to the conclusion that the cell size setting produces higher variations than the time interval settings. The performance of the ADQ is more sensitive to the cell size setting than to the time interval setting.
Additional comparison results displayed in Table 4 suggest that a minimum of 30 s are needed for the higher-velocity groups to achieve a reliable result. For the river group with velocities below 0.3 m/s, time intervals of 50 s, or even longer, are essential to ensure accurate measurement.
Effect of external factors
The distance from the bank and bed to the sample point is standardized by the following formulas: where Dh i is the standard distance from the river bank (%), P i is the vertical position (m); W is the river width (m); Dv j is the standard distance from the river bed (%); Md ij is the measured depth (m) at vertical i; and D i is the depth (m) of vertical i, where i is the vertical number, j is the measured depth number, n is the total vertical numbers and m the total measured points at each vertical.
River bank
The distances from the bank are negatively correlated with the profile mean parameter error, which is found for all three variables. The depth has the weakest correlation, with an error of less than 0.2 at most points, while the mean discharge and velocity had a similar regression with a standard error ranging from 0 to 0.5 and up to 0.7 at some points (Fig. 10) .
River bed
A negative correlation is also found between mean layer velocity and the standard distance from the bed, with the correlation coefficients higher than that of the profile mean velocity error (Fig. 11) . This indicates the higher unreliability and instability of ADQ velocity measurements along the vertical direction. In summary, the river bank and bed can affect the performance of the ADQ to varying extents; the closer the measured point to the bank or bed of the river, the larger the measurement error will be. The river bed appears to have a greater influence than the river bank. 
CONCLUSION AND DISCUSSION
In this paper we analysed the accuracy, stability and sensitivity of velocity, depth and discharge measurements from an ADQ device for 366 measurements at 174 cross-sections located in eight catchments of different sizes with various flow. Test experiments of two-device common comparisons between FlowSens and ADQ, and three-device point-to-point comparisons between FlowSens, ADC and ADQ, for repeated measurements, internal settings and external factors were designed to evaluate the accuracy, reproducibility and sensitivity of application of the ADQ in a medium-sized river. Our observations clearly show that:
1. Compared with the electromagnetic device FlowSens, the ADQ produces similar results for depth, velocity and discharge. Depth measurement appears to have the best quality and highest consistency in all comparisons. River mean discharge measurements from the different instruments agree better than vertical profile discharge measurements. There is strong agreement between flow velocity measurements with all three instruments for river mean velocity, vertical mean velocity, layer-averaged and point velocity. Among these, the river mean velocity measurement expressed the highest unity, followed by vertical velocity and point velocity. Mean layer velocity measurement had the worst regression quality. 2. Repeated measurement at the same cross-section and within the same river sections demonstrated the high reproducibility of the ADQ measurements. The CVs of the measured river mean depth, velocity and discharge reveal stable and reliable ADQ performance. The greater the mean measured value, the narrower the variance will be. 3. The ADQ measurement is more sensitive to cell size setting than to time interval setting. A ratio between cell size and depth of within 0.1-0.2 is recommended for reliable measurement. Higher variability was discovered for measurements at the same cross-section in shallow and low-flow conditions with a different time interval. The longer the time interval, the smaller the deviation between different measurements is. As a result, we recommend longer time intervals of 40-50 s in relatively shallow rivers or low-flow conditions. For channels with high velocity, a shorter measurement time interval of 20-30 s is sufficient. 4. Statistical analysis suggests that the ADQ measurement error of profile and mean layer parameter are negatively correlated with the distance from river bank and bed, and the river bed seems to influence the measurement more severely than the river bank.
The ADQ is an efficient device for flow measurement in medium-sized rivers. With the database of the field campaign, the accuracy and reproducibility of the equipment was tested, and optimal parameter settings could be suggested for freshwater areas in northern Germany, as well as in China, for similar hydrological conditions. External influences were also checked that might provide a good resource for similar research in the future. Measurement taken on 6 January 2011 in the River Treene t09
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